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Distinguished Lecturer (DL) Program

This ASHRAE Distinguished Lecturer is brought to you by the
ASHRAE Society Chapter Technology Transfer Committee (CTTC).

• Please silence your phones.

• DL Evaluation Forms are very important. Please complete at the end of the 
presentation and return to the CTTC Chair or Program Chair.

• Lecturer presentations and/or opinions do not necessarily reflect the policies 
or position of ASHRAE or the chapter.

• More information on the DL Program available at: 
ashrae.org/distinguishedlecturers



LEADERSHIP WANTED!

Become a future leader in ASHRAE – Write the next chapter in your career!

ASHRAE members who are active at their chapter and society becomes leaders 
and bring information and technology back to their job.

You are needed for:
• Society Technical Committees
• Society Standard Committees
• Young Engineers in ASHRAE
• Chapter Membership Promotion
• Chapter Research Promotion
• Chapter Student Activities
• Chapter Technology Transfer

Find your place in ASHRAE and volunteer
ashrae.org/volunteer



Course Description

Many people have been educated on what decarbonization is, as well is its goals. This presentation 

delves into how hydronic systems using heat recovery chillers, heat pumps and chiller/heaters can 

be designed, piped, optimized and controlled in order to provide heat efficiently. Also covered are 

the impact of hot water and outdoor air temperatures, methods to simplify system design and 

operation, the importance of ensuring building operators and facility managers can operate the 

systems as intended. The goal is to reduce environmental emissions and make the system as 

simple as possible, but not simpler.

Recommended audience: Facility managers, sustainability coordinators, chiller plant operators, 

engineers, contractors, controls providers, educators, students.



AIA Continuing Education Provider

• ASHRAE is a Registered Provider with The American Institute of Architects Continuing 
Education Systems. Credit earned on completion of this program will be reported to CES 
Records for AIA members. Certificates of Completion for non-AIA members are available on 
request.

• This program is registered with the AIA/CES for continuing professional education. As such, it 
does not include content that may be deemed or construed to be an approval or 
endorsement by the AIA of any material of construction or any method or manner of 
handling, using, distributing, or dealing in any material or product. Questions related to 
specific materials, methods, and services will be addressed at the conclusion of this 
presentation.

• AIA Course Number / classification: AIA 0920020209:  1 LU/HSW
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GBCI cannot guarantee that course sessions 
will be delivered to you as submitted to GBCI. 
However, any course found to be in violation of 
the standards of the program, or otherwise 
contrary to the mission of GBCI, shall be 
removed. Your course evaluations will help us 
uphold these standards. 

Course ID: 0920027065

Building Decarbonization 
(Electrification) for Hydronic Systems

ASHRAE Distinguished Lecturer Program

Approved for:

1
General CE hours



Learning Objectives

1. Comprehend the difference between decarbonization and 
electrification

2. Understand the possible direct impact of refrigerant choice

3. Recognize energy and capacity impacts of:

− Heating water temperature

− Heat source temperature

4. Appreciate differences from traditional chilled water system design



• Embodied carbon

• Financial analysis

• Today’s goal is education

Not on the Agenda



Reduce 
carbon 
emissions

DECARBONIZE

Utilizing 
electricity in 

place of 
burning 

fossil fuels

ELECTRIFICATION

If the goal is to reduce total operational carbon emissions, 
building plus grid emissions must be considered



Canada (2019)
Changes by Province

Fossil Fuels
20.5%

Nuclear
10.3%

Hydro
59.0%

Non-hydro 
renewables

10.3%

Canada Electricity Production by Source 



Electric Grid Migration to Renewable / Carbon Free

Total emissions DIFFERENCE due to 
electrification is dependent on the mix of 

grid production and grid emissions
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GWPRefrigerantPressure
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Refrigerant GWPs



Step 2: Consider Refrigerant Selection

Lower GWP = Lower possible CO2 emissions

Chiller with 500 Tons of Capacity
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Keep refrigerant in the unit!
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Hot Fluid Providers

Air-to-Water Water-to-Water

Examples:
• Air-to-Water Heat Pump (AWHP)
• Water-source heat pump (cooling mode) 

ambient air

water in water out

water out

Examples:
• Water-Source Chiller-Heater
• Heat recovery chiller
• Water-to-water heat pump

water in water out

water in

Heat 
Pump

Heat 
pump / 

Heat 
Recovery



• Two-pipe changeover
(either heating or cooling)

• Water-source heat pump 
(cooling mode)

Air-Water Heating



Air-Water Heat Pump Example
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Rerating the Heat Pump

AHRI Rating at 47ºF
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AWHP: Heating Fluid Temperature Impact

Heating COP

% Heating Capacity

Air-water Heat Pump (Scroll Compressors)

Heating Fluid Temperature Impact

-32%

-60%

Lesson: Select heating fluid temperature JUDICIOUSLY!



We need to change our 
paradigm:

• When an airstream is 
cooled, the water stream is 
heated

• What water temperature is 
available?

Airstream heat sources:

• Electronic areas 
(e.g. servers, switch gear)

• Exhaust air streams

− 65ºF in winter

− 73ºF in summer

Water-source heat pumps are

Air-Water Heaters



Example: 10 Ton Nominal “WSHP” - Air-Water Heater

Heating fluid capacity: 140 MBh

Entering air
3500 cfm
65ºF/49ºF

Leaving air

Entering water
15 gpm
95ºF

Leaving water
113.7ºF

Examples use exhaust air 
stream

• Winter: 65ºF entering

• Summer: 73ºF entering



Heating Fluid Temperature Impact
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Water-to-Water Heating Units



Proper Heating Fluid Design Temperature
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Proper Heating Fluid Design Temperature
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Proper Heating Fluid Design Temperature
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Heating supply fluid temperature design guidance: 105ºF-120ºF (40ºC-50ºC)
Size heating units at design heating fluid temperature



Learning Objectives

1. Comprehend the difference between decarbonization and electrification

2. Understand the possible direct impact of refrigerant choice

3. Recognize energy and capacity impacts of:

− Heating water temperature

− Heat source temperature

4. Appreciate differences from traditional chilled water system design

– Equipment sizing and unloading

– Flow rates

– Redundancy

– Heat availability

o System configuration / piping

o System controls

– Reliability / Simplicity



Unit Selection Guidance

Unit selection

• Dependent on design intent

− Heat recovery: Base on simultaneous heating and cooling loads

• Heating fluid temperature: 105-120ºF (40-50ºC) 

• Heat source temperature

Unloading

• Ensure unit operates efficiently

• Load centrifugal units per manufacturer’s requirement

Defrost

• Consider multiple units for redundancy/ reliability



Unit Sizing – Know Your System Loads

Cooling Load

Heating Load

Simultaneous Load

Unit sizing guidance basisGoal

Simultaneous heating and coolingHeat recovery

Peak heating loadsFull electrification

Peak heating load minus augmented heating 
unit capacity (e.g. boilers)

Significant 
electrification

System reliability and simplicityKeep units loaded

Heat recovery ---------------------

Significant electrification ---------------------------------------------------------------------------------------

Full electrification -------------------------------------------------------------

------------------------------------------------------------------Keep units loaded

Lesson: Know the loads

Load Profile



• Some heat pumps designed for cooling, and 
being applied for heating

• Minimum flow rate limits maximum heating ∆T

- Maximum heating ∆T may be limited (15-20⁰F)

• Impacts

- Selected heating flow rate is often near minimum

- Flow must remain constant

- Highly consider primary-secondary system configuration

Flow Rate Limitations



Four-pipe distribution

Primary-Secondary

HEATING

HEATING

COOLING

COOLING

Lesson: Keep it simple with primary-secondary 



Cooling-Heating Plant

Heating Mode

Cooling Mode

Primary-secondary

Plant Arrangement 

VFD for dual speed

Lesson: Flexibility 



Heating Decoupler

Cooling Decoupler

Primary-secondary

Decoupler 



Heating Distribution

Cooling Distribution

Primary-secondary

Distribution  

Lesson: Simple, Flexible, Easy



CommentsImpactAspect

Consider unloading capabilitiesIncreased cost 
and size

Oversize units

Packaged units with multiple 
circuits have only one defrost at a 
time

Increased cost 
and size

Increase number 
of circuits

Consider for cooling and heating 
plant controls

Controls 
coordination

Timing

Electric boiler (low COP)
Other fuel

Increased cost 
and space

Backup

AWHP Consideration: Mitigating Defrost



Unit Placement Matters
Heat Recovery



Operating point 

• System cooling load: 550 tons

• Heating load: 2600 MBh

• Heat available = 
Cooling load + heat of compression

• Using a Coefficient of Performance 
(COP) of 4

‒ ~ 8,250 MBh heat available

‒ 175 tons of cooling can supply 
~ 2,625 MBh

Design

• Two 500-ton cooling only chillers

• One 200-ton heat recovery unit

- 3000 Mbh heating design

• 16⁰F ∆T

Chilled-water system configuration options

Loading Units



Design: Primary-Secondary

40ºF

heat-recovery chiller

40ºF
1800 gpm

production 
(supply)

distribution 
(demand)56ºF

56ºF 300 gpm

750 gpm

750 gpm



Sub-optimal configuration – parallel evaporators

Unit Loading

All operating units loaded to equal percentages

Not Optimal

40ºF

heat-recovery chiller

40ºF
825 gpm56ºF

52.6ºF

300 gpm

750 gpm

off

40ºF

52.6ºF

52.6ºF

Heating 
(MBh)

Cooling 
(tons)

2,600550Building loads

2,360157.5Heat recovery chiller

0392.5Cooling chiller

240Heat purchased



Primary-secondary – preferential configuration

Loading Units

Heating 
(MBh)

Cooling 
(tons)

2,600550Building loads

3,000200Heat recovery chiller

0350Cooling chiller

0Heat purchased

4000Heat that must be 
rejected from the 
heat recovery chiller

40ºF
225 gpm

heat-recovery chiller
40ºF

825 gpm56ºF

300 gpm

525 gpm

off

40ºF

56ºF

51.2ºF
750 gpm

Units on load side of bypass loaded preferentially



Sidestream configuration (primary-secondary)

Loading Units

Heat recovery chiller loaded to exactly satisfy 
heating load and temperature

Heating 
(MBh)

Cooling 
(tons)

2,600550Building Loads

2,600174Heat recovery chiller

0376Cooling chiller

0Heat purchased

0Heat that must be 
rejected from the 
heat recovery chiller

40ºF
75 gpm

heat-recovery chiller

40ºF
825 gpm56ºF

off

40ºF

56ºF
300 gpm

50ºF
900 gpm

50ºF

42.1ºF



Sidestream configuration  (Variable Primary Flow)

Loading Units

Unit loaded to exactly to satisfy heating load

Heating 
(MBh)

Cooling 
(tons)

2,600550Building loads

2,600174Heat recovery chiller

0376Cooling chiller

0Heat purchased

0Heat that must be 
rejected from the 
heat recovery chiller

heat-recovery chiller

40ºF
825 gpm56ºF

off

40ºF

56ºF
300 gpm

50.94ºF
825 gpm

50ºF

42.1ºF

Simple and Reliable



System Design Examples
Using data for PNNL analysis for ASHRAE® 90.1-2019 determination



• Cooling: 263 tons (3,156 MBH)

• Heating: 2,448 MBh

‒ 99.6% HDD: -2ºF

‒ 20-year extreme temperature: 
-21⁰F

‒ 50-year extreme temperature: 
-26⁰ F

‒ HW supply Temperature
115⁰ F

• Design parameters

‒ N+1 heating redundancy

‒ 67% cooling redundancy

‒ Changeover system

Example design

Secondary School: Climate Zone 5A



Air-Source Heat Pumps in Cold Climates –
U.S. 5 Year Extreme Temperatures

Seattle: 
18ºF 

San Francisco: 
37.2ºF 

Minneapolis:
-20.9ºF 

Chicago: 
-11.8ºF 

NYC: 
5.8ºF 

Boston: 
0.1ºF 

Denver: 
-15.1ºF KC MO: 

-7.7ºF 

York: 
-3.2ºF 



Air-Source Heat Pumps in Cold Climates –
Canada: 5 Year Extreme Temperatures

5-Year Extreme (ºC)ProvinceCity

-10.0British ColumbiaVancouver

-34.3AlbertaCalgary

-38.9SaskatchewanRegina

-40.0SaskatchewanSaskatoon

-37.8ManitobaWinnipeg

-29.1OntarioOttawa

-22.6OntarioToronto

-19.3Nova ScotiaHalifax

-29.9WisconsinLa Crosse 



• “Air-source heat pumps have limitations for heating in very cold climates. 
More research is needed to advance heat pump technologies…”

• “Using fossil-fuel boilers and furnaces as backups may need to be 
considered…”

• “There are electric grid infrastructure challenges in achieving building 
decarbonization goals.”

• “Supplementing energy efficiency with demand flexibility and storage 
strategies can reduce the grid impact.”

• “Increasing stringency and enforcement of energy codes are critical for 
decarbonization.”

Cold Climate Challenges*

*ASHRAE Position Document on Building Decarbonization (2022)
ASHRAE Position Document on Building Decarbonization.fm



System 1

Cold Climate Electrification with Backup Heating

CommentHeating at 
-21⁰F
(MBh)

Heating at 
25⁰F 

(MBh)

Cooling
Available  

(tons)

Number 
of units

Unit

Oversized for 
heating 

048004923AWHP

For operation 
below 25⁰F

3,672Not required3Boilers



System 1

Cold Climate Electrification with Backup Heating

Heating operation 
below 25⁰F 

ambient 



System 1  

Cold Climate Electrification with Backup Heating

Average high and low temperatures in Chicago

Back-up heat is not 
needed for many hours.

Significant electrification 
is available even with 
fossil-fueled backup.



System 2

Cold Climate Electrification with Backup Heating

CommentHeating at 
-21⁰F
(MBh)

Heating at 
0⁰F 

(MBh)

Cooling
Available  

(tons)

Number 
of units 

Unit

10 modules
(N+1)

021002901Modular 
AWHP

For operation 
below 0⁰F

3,672As needed3Boilers



System 2

Cold Climate Electrification with Backup Heating

Heat pump 
operation down to 

0⁰F ambient 



Geothermal

• Advantages

- High efficiency

- All electric

• Disadvantages of borefield

- Space

- Cost

Large Building — Geothermal

$$$



Electrification — Geothermal

To Borefield

From Borefield

Backup 
heat

Backup 
heat

Backup 
heat



Financial Impact

Incentives Fees Carbon Price

Carbon Cap

• Ex. New York City Local 
Law 97

• $268/metric Ton CO2e

Carbon Tax

• Ex. Canada 

• $20-$50 / metric Ton CO2e

Fuel Switching Incentives

• Ex. New York Clean Heat 
Program

• $200/mm BTU offset

Shadow Price

• $10-$50/metric Ton CO2e



• Define the intent

• Understand the limits and effects

- Heat source

- Heating fluid temperature: 105⁰F -120⁰F (40⁰C -50⁰C)

• Keep it simple

- Primary-Secondary

- Sidestream heat recovery

- Develop “control sequence descriptions...” 
(sequence of operation)

- Keep operators in mind

General Guidance

ASHRAE Position Document on Building Decarbonization.fm



Please fill out the DL Evaluation Form

Thanks for all the volunteering you do.
Let’s all continue to “Feed the Roots.”



Building Decarbonization (Electrification)
for Hydronic Systems


